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SUMMARY OF THE RESEARCH 
Hemiparesis of the upper extremity has a large impact on functional capabilities 
following stroke. Recovery time after stoke varies greatly with some patients undergoing 
some spontaneous recovery, but for the majority recovery occurs over a period of many 
months to several years. Recovery after stroke can be further enhanced with rehabilitation 
techniques. Rehabilitation following stroke aims to minimise motor impairment through 
encouraging neuroplasticity. Action observation has been shown to increase activation of the 
motor cortex. Increased activity in the motor cortex during action observation is attributed to 
the mirror neuron system. The mirror neuron system is active when actions are performed as 
well as when we observe another person performing the same action. In the stroke 
populations action observation training has been shown to significantly improve motor 
function of the hemiparetic upper limb. However, literature on the use of action observation 
for recovery of upper limb function after stroke is limited.    
The purpose of this honours thesis was to advance the existing literature on action 
observation use in stroke for improving hemiparetic arm and hand function. Attention was 
given to the duration of observation prior to physical practice, to optimise use or motor 
system priming. Comparison was made between the use of action observation and physical 
practice as well as relaxation-sham control. Participants acted as their own controls 
completing a control phase with relaxation-sham to establish a baseline measure with 
physical practice. With baseline established participants went on to the action observation 
training phase, observing motor skills for 30 seconds before practicing them. 
Manuscript structured experimental report can be found in chapter three of this thesis. 
The findings showed improvement to measures of the hemiparetic arm and hand function in 
both the control and action observation training phases, with greater improvements seen with 
action observation training. Additionally, participant self-efficacy continued to improve 
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throughout the training phases as indicated by self-perceived measures of the hemiparetic arm 
and hand function and confidence. These preliminary finding are mere stepping stones to 
further investigation of action observation training for rehabilitation after stroke.  
Structure of the Thesis 
This thesis is structured as follows: (a) chapter one introduces stroke and the 
importance of new rehabilitation techniques for the recovery of upper limb function and the 
value of action observation for stroke rehabilitation, (b) chapter two reviews literature 
relevant to the theories underpinning action observation, potential for enhanced benefits from 
action observation training, provides a general overview of stroke and aims of recovery after 
stroke, proceeds to review neuroplasticity, investigation of the healthy brain and the stroke 
brain and previous studies examining action observation plus physical practice for upper limb 
recovery in stroke, followed by the rationale for the experiment conducted in this thesis, (c) 
chapter three covers the experiment conducted for this thesis structured as a manuscript for 
journal submission, and (d) chapter four presents conclusions and implications resultant from 
the experiment. A reference list of literature and sources cited in the chapters of this thesis 
follows the cessation of chapter five.  
Chapter three has been kept brief in order to fulfil word limit (4000 words) 
requirements for submission to Journal of Neurorehabilitation and Neural Repair for 
consideration of publication. This thesis is written and referenced according to the 
Publication Manual of the American Psychological Association (6
th
 Edition) (American 
Psychology Association, 2010), which is the standard format for a thesis in the sub-discipline 
of Motor Control and Learning. Due to the structure of the thesis mentioned above, there is 







Each year 15 million people worldwide suffer a stroke, resulting in permanent 
disability in one third of cases (World Health Organisation, 2011). Thirty one percent of 
disability-adjusted life years (DALYs) worldwide are due to stroke (World Health 
Organisation, 2011). These figures contribute to stroke being the leading cause of disability 
amongst high income countries and a leading cause of disability in low to moderate income 
countries after dementia (Australian Bureau of Statistics, 2012; Go et al., 2012; World Health 
Organisation, 2011). In Australia 56% of people living with disabilities caused by stroke 
require assistance from carers in activities of daily living (Australian Institute of Health and 
Welfare, 2012). In Western Australia 29,475 stroke survivors are living with a disability that 
prevents them from being able to perform activities of daily living unassisted (Australian 
Bureau of Statistics, 2012). These figures highlight the importance of stroke rehabilitation to 
enable stroke survivors to reclaim their independence.      
Hemiparesis results in approximately 80% of strokes with weakness to one side of the 
body (Pulman & Buckley, 2013). Long-term impairment to motor function of the hemiparetic 
upper extremity affects 40-45% of chronic stroke survivors (Dromerick et al., 2006; McCrea 
& Eng, 2005). Hemiparesis results in loss or impairment to motor function on the affected 
side (Han, Wang, Meng, & Qi, 2013). Hemiparesis is commonly presented in stroke to the 
cerebrum, with the side affected by hemiparesis corresponding to the hemisphere of the 
cerebrum affected. Right side hemiparesis is a result of stroke to the left hemisphere and left 
side hemiparesis the result of stroke to the right hemisphere (Lindley, 2008).  
With the increasing demands on the health system rehabilitation of lower limb 
functional recovery has taken precedence, limiting attention for upper limb rehabilitation and 
recovery (Australian Institute of Health and Welfare, 2012). Upper limb impairment causing 
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a lack of functional ability can have a substantial negative affect on quality of life, through 
restriction of daily activities such as the capability of stroke survivors to feed themselves 
(The National Stroke Foundation, 2013). The need for rehabilitation techniques to improve 
upper extremity function in chronic stroke is crucial to enhance quality of life for stroke 
survivors and reduce DALYs. 
Recovery after a stroke is focused upon intense physical rehabilitation programs 
usually involving repetitive practice of movements with the impaired arm, to encourage 
neuroplasticity (Cantarero et al., 2011). Some rehabilitation techniques, such as robotic 
assisted therapy, require expensive equipment and therapist supervision (Lo et al., 2010). 
Finding cost effective upper limb rehabilitation techniques that can be applied in an array of 
settings; in-patient, out-patient and by the stroke survivor at home would be valuable to 
enhance recovery. One cost effective technique that has potential for stroke rehabilitation is 
action observation training. Action observation training involves observing another individual 
perform a movement, which has been reported to promote brain plasticity and improve 
function (Small, Buccino, & Solodkin, 2012). The theoretical concept of action observation 
training is based upon activation (or priming) of brain areas that are normally involved in 
movement execution, whilst only observing the same movement (Bhasin, Padma Srivastava, 
Kumaran, Bhatia, & Mohanty, 2012). The use of action observation as training can easily be 
delivered through in-person demonstrations of actions or via pre-recorded video footage of 
actions. Use of pre-recorded video footage that can be structured on Digital Video Discs 
(DVDs) allows for stroke survivors to complete training in the comfort of their own home 
and eliminates costs involved with one-on-one training with a therapist. Through activation 
(priming) of brain regions involved during action execution, action observation provides a 




Activation of brain regions with action observation training is attributed to the mirror 
neuron system (Buccino, Solodkin, & Small, 2006). The Mirror Neuron System is comprised 
of neurons which are activated when an individual observes movements performed by others, 
and when the individual performs the movement themselves (Fadiga, Fogassi, Pavesi, & 
Rizzolatti, 1995). This link between perception of actions and movement execution, 
demonstrates a shared neural network. Through activating shared motor networks, action 
observation can serve to prime the motor system for subsequent physical practice of actions.  
Studies, including those by Ertelt et al. (2007) and Franceschini et al. (2012) have 
examined action observation as a rehabilitation tool for priming the motor system to achieve 
adaptive plasticity and improve upper limb function. Behavioural and neural level evidence 
indicated increased functional improvement in the experimental group undergoing action 
observation compared to the control group. The research experiment completed relevant to 
this honours thesis employed action observation training with physical practice for improve 
function of the upper limb in chronic stroke survivors. The purpose of this honours project is 
to advance theoretical understanding of action observation training from a behavioural level 
of analysis based upon existing theoretical and empirical knowledge of the mirror neuron 
system, the common-coding hypothesis and neuroplasticity. In addition to adding to the 
limited literature, unique elements in the methodology were included to further understand 
the value of action observation training to stroke rehabilitation. Unique elements included in 
the experiment provided physical practice immediately following observation of each motor 
skill in an attempt to optimise motor system priming and evaluation of participants’ 








 The following literature review covers: (i) the relationship between observation of 
action and action execution at the behavioural level and the neural level, (ii) premises of 
enhancing activation of the mirror neuron system during action observation, (iii) overview of 
stroke and the impact of upper limb hemiparesis, (iv) the role of neuroplasticity in motor 
learning and recovery, (v) comparison of the healthy brain to the stroke brain during action 
observation, and (vi) literature investigating the use of action observation with physical 
practice for recovery of hemiparetic upper limb in stroke.  
Relationship between Observation of Action and Action Execution 
 A relationship exists between observation (perception) of actions and action execution 
(performance). Motor areas in the brain activate during observation of action performed by 
another individual, resembling activation of these motor areas with performance of the same 
action (Buccino, Binkofski, & Riggio, 2004).    
Behavioural level. The common-coding theory describes a link between perception; 
the pickup of visual information and action; the execution of movement (Prinz, 1997). The 
common-coding theory has been established through numerous behavioural studies, showing 
that purely observing physical performance of an action can lead to improvement in 
performance of a motor skill (Cantarero et al., 2011). Examination of the common-coding 
theory has also revealed a greater activation of motor areas, when movements are observed 
with intent to imitate compared to observing for other reasons, i.e., observation for judging 
the quality of movement (Zentgraf et al., 2005). 
Cross, Kraemer, Hamilton, Kelley, and Grafton (2009) investigated the action 
observation network in a behavioural study with examination of three training conditions; 
physical practice, observed and untrained. The examined training conditions were delivered 
7 
 
using a dance-learning type video game. The video game employs a mat which acts as the 
controller, providing feedback to the screen as moves (steps in dance) are executed on the 
arrows on its surface. Dance sequences are taught with arrows indicating directions relevant 
to their position on the mat moves are executed on. Movement cues for the trained dance 
sequence appear on the screen seconds before the movement is to be executed. Two types of 
cues were used to present dance sequences; the arrows indicating movement direction seen 
alone and those where an expert dancer was shown performing the dance sequence in time 
with the arrows superimposed over the top. The three training conditions; physical practice 
(danced), observed (watched) and untrained (dance sequences not danced or watched during 
training) and the two cue types formed a 3 x 2 design. Sixteen healthy participants were 
recruited and trained on the dance-learning video game for five days. Eighteen different 
dance sequences were created for the behavioural study, with participants watching the same 
6 sequences and dancing the same 6 sequences each day. The remaining 6 sequences were 
not shown during the five days of training, making up the untrained condition for testing. The 
cue type shown in the conditions were split, with three of the sequences showing arrows 
alone and the other three showing the arrows superimposed over the expert dancer. 
Behavioural assessment was an evaluation of information on accuracy of steps in relation to 
arrows and timing of movements as recorded by the dance mat. Results showed a significant 
improvement in dance performance for practiced dance sequences, indicating the positive 
effect of the training (physical practice) on motor-learning of dance sequences. A significant 
difference was seen between dances and untrained but not between danced and watched or 
watched and untrained, indicating best performance improvement in danced sequences, 
followed by watched sequences and worst performance on untrained sequences. The authors 
concluded that observation of movement sequences exhibits greater improvement in 
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subsequent performance compared to untrained sequence. Further, the authors attributed the 
reported improvements seen with observation of sequence to the action observation network.  
This link between observation of action and action execution has been established at 
the neural level with brain imaging measures. Neural level evidence demonstrates the 
presence of mirror neurons which are activated during both the observation of action and the 
execution of actions. 
Neural level. After the 1980’s discovery of a system matching action observation and 
execution (the mirror neuron system) in monkeys (Rizzolatti, Scandolora, Matelli, & 
Gentilucci, 1981), Fadiga et al. (1995) conducted a magnetic stimulation study in order to 
uncover if the same system is present in humans. Twelve healthy humans were recruited and 
participated in each of the four experimental conditions. The four experimental conditions 
involved observation; action observation of another person manipulating an object, action 
observation of another person without object manipulation, observation of the fore mentioned 
object alone without human interaction and observation to detect dimming of a light. Half of 
the participants did not perform any movements during the experiment, they purely observed 
while the remaining six participants performed the actions they had observed. 
Electromyography (EMG) was used to record motor evoked potential (MEP) in muscles 
involved in the observed movements. Significant increases to MEP were seen with action 
observation conditions, but not during observation of the object or when detecting the light 
dimming. Furthermore, increases in MEP were larger during action observation with object 
manipulation compared to action observation without object manipulation. In participants 
that performed the actions following observation, recorded MEP patterns were similar to 
those produced during action observation. Fadiga et al. (1995) findings confirmed that the 
system linking action observation and execution (the mirror neuron system) found in 
monkeys, does exist in humans (Fadiga et al., 1995). Additionally, larger increases in MEP 
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seen in the session of action observation where object manipulation was observed could 
indicate a potential for use of motor skills involving objects for enhance benefits. 
The mirror neuron system is active during observation of another individual 
performing an action and when the observer performs the motor skill themselves (Buccino et 
al., 2001; Fadiga et al., 1995). Accordingly, the mirror neurons activate during observation 
‘mirroring’ activation during action performance (Iacoboni & Mazziotta, 2007). Mirror 
neurons are found in motor areas of the brain; in the frontal (control of voluntary movement) 
and parietal lobes (perception and sensory information centre). These motor areas are the 
inferior frontal gyrus, ventral premotor cortex and the rostral inferior parietal lobule (for a 
review, see Garrison et al. (2010). Based upon their neuroanatomy, the mirror neuron system 
provides a shared network between perception (parietal lobe) and action (frontal lobe). 
Therefore, activation of the mirror neuron system can be promising in retrieving motor 
representations for recovery after stroke (Cantarero et al., 2011).  
Enhancement of Motor System Priming Through Action Observation  
 The constant pursuit to enhance use of action observation, has driven investigation of 
aspects that contribute to activation and those that can possibly optimise activation of the 
mirror neuron system and motor system priming.  
 For example, Calvo-Merino, Glaser, Grezes, Passingham, and Haggard (2005) 
examined action observation of acquired motor skills versus those motor skill that have not 
been learnt, to determine the influence of motor expertise on activation during action 
observation. Expert dancers with training solely in ballet (n = 10) or capoeira (n = 9) were 
recruited, along with ten non-dancing participants. Primary outcome measure of brain activity 
was collected using functional magnetic resonance imaging (fMRI). Alteration in brain 
activity is detected by changes in blood flow and oxygen levels as the active areas of the 
brain consume increased amounts of oxygen. Each participant view ballet and capoeira video 
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footage, each dancer viewed their own style and the unfamiliar style and non-dancers viewed 
all video footage. Resulting fMRI measures taken during these observations indicated 
activation of the mirror neuron system during action observation for all participants. 
Activation seen during observation of actions not learnt is proposed to be attributed to the 
mirror neuron systems ability to use motor stimulation to integrate and match actions to those 
similar in their own motor representations (Buccino et al., 2004). As predicted by Calvo-
Merino et al. (2005) stronger activation of the mirror neuron system was seen when the 
expert dancers observed video footage of their dance style. Findings suggests that motor 
expertise does influence the sensitivity of the mirror neuron system (Calvo-Merino et al., 
2005). 
 The concept of motor expertise maximising the link between perception and action by 
increasing sensitivity of the mirror neuron system could be transferred to the use action 
observation as a rehabilitation tool. Expertise is found in the automatic performance of tasks 
in day to day life. Observation of every day functional tasks may provide stronger activation 
of the mirror neuron system.  
Stroke 
Stroke occurs when blood supply to the brain is disrupted and part of the brain stops 
functioning (Lindley, 2008). Function in affected part of the brain ceases within seconds and 
tissue damage is evident after two minutes of being starved of oxygen and chemical 
substrates, which the blood would normally deliver (Murphy & Corbett, 2009). The primary 
cause of stroke is cerebral infarction involving a blockage or occlusions to blood supply, 
usually due to a blood clot (Wojner-Alexander, Garami, Chernyshev, & Alexandrov, 2005). 
Blood thinners such as anticoagulants and antiplatelet medications are used in emergency 
treatment of cerebral infarction, preventing the clot from growing and further clots from 
dislodging (Lindley, 2008). Primary intracerebral haemorrhage is the second main cause of 
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stroke, occurring when a blood vessel in the brain bursts or leaks (Langhorne, Coupar, & 
Pollock, 2009). Blood clotting agents are administered to begin clotting process at the site of 
leak, trapping red blood cells and reducing further haemorrhage (Chabner, 2007). Stroke can 
occur anywhere in the brain, presenting with sudden onset of symptoms depending on the 
area(s) of the brain affected. Symptoms experienced range from a rapidly fatal illness to a 
minor loss of sensation on one side of the body (Lindley, 2008).  
Stroke symptom duration varies with some symptoms, such as vision loss, dispersing 
within weeks and others causing long-term impairment. Stroke severity is categorised as 
acute, subacute or chronic by duration of time since stoke occurrence, with changes in 
severity of stroke symptoms for the majority of cases seen within the corresponding time 
period. The acute phase is from stroke occurrence and lasts for thirty days (±7) with presence 
of the most severe symptoms (Sale et al., 2014). Then the subacute phase is seen from day 
thirty (±7) with reduction to swelling of brain tissues, with cessation around nine to ten weeks 
from stroke occurrence (Poh, 2013). During this initial period severity of symptoms is 
reduced with majority of sensory symptoms resolving (e.g., vision losses, speech). The 
chronic phase categorises six months or longer since stroke occurrence, the majority of 
impairments remaining affect motor function (Donoso Brown et al.). Motor impairments are 
the leading cause of disability following stroke (Ertelt et al., 2007). Hemiparesis of the upper 
limb for most stroke survivors is long-term, extenuated with neglect of the affected arm 
through excessive compensative use of unaffected arm in activities of daily living 
(Schweighofer, Han, Wolf, Arbib, & Winstein, 2009).  
Function is recovered with adaptive changes from physical practice. Combining 
physical practice with the ability of action observation to activate brain regions as seen with 
action execution purely by observing actions, offers a tool to promote these adaptive changes 
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with half the physical practice (Cantarero et al., 2011). The brains ability to adapt and change 
itself for recovery is known as neuroplasticity (Small et al., 2012).  
 Neuroplasticity 
The conception of the brain being static and there being no treatment for injury to the 
brain is a notion of the past. The emergence of neuroplasticity has led to intensive exploration 
for recovery methods across the scope of brain injuries, including stroke recovery (Murphy & 
Corbett, 2009). Recovery after stroke is attainable through neuroplasticity whether damage to 
motor network is partial or the full motor system is damaged (Bhasin et al., 2012). Partial 
damage to motor system can be recovered through within-system reorganisation, with intact 
healthy tissues nearby in the same system taking up roles for the neighbouring damaged area. 
When all tissues within a single motor system are damaged recovery can be achieved through 
substitution (Buccino et al., 2006). Substitution is possible through healthy neurons ability to 
alter their synaptic connectivity, enabling the formation of a completely new receptive area 
(Small et al., 2012). Rehabilitation to promote these changes typically involves intense 
physical therapy with repetitive practice of active movement by the paretic limb (Lang et al., 
2009). 
In studies investigating adaptive neuroplasticity capacity using animal models, 
hundreds (>400) of movement repetitions are performed in upper extremity tasks. In humans, 
a specific number of repetitions required to enhance learning and recovery after stroke has 
not been established. This led Lang et al. (2009) to conduct a observational study to compare 
the volume of repetitions practiced during stroke rehabilitation methods to that seen in animal 
models. A range of different facilities were visited, including both inpatient and outpatient 
settings. Physical therapy and occupational therapy sessions were observed and a record of 
repetitions performed during all activities in the sessions was kept. Of those rehabilitation 
sessions that were aimed at recovering function of the upper extremity, Lang et al. (2009) 
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noted that actual practice of upper limb tasks only occurred in around half (51%) of these 
sessions. Results indicated the average number of repetitions with upper extremity as 32 total 
repetitions per session. The 32 repetitions were generally split between 2-4 different activities 
within the session. Lang et al. (2009) concluded that the amount of practice seen in stroke 
rehabilitation is very low compared to animal models and suggests current volumes as 
inadequate to promote use-dependant neuroplasticity. Studies investigating the amount of 
practice required to optimise use-dependant neuroplasticity in stroke rehabilitation are 
needed.  
The Healthy Brain and the Stroke Brain 
 Recently, Garrison, Aziz-Zadeh, Wong, Liew, and Winstein (2013) conducted an 
experiment to understand cortical activity during action observation in the stroke brain, 
compared to the healthy brain. Twenty four right hand dominant participants were recruited; 
twelve healthy individuals were matched to twelve stroke survivors with previously dominant 
right hand affected by left hemisphere. Cortical activity in motor areas was measured using 
fMRI during action observation of functional tasks performed by left and right hands. 
Participants observed functional tasks included lifting a pencil, stacking checkers while 
undergoing fMRI scan, and thereafter, all participants performed the same task. In both the 
healthy and the stroke brain greater activation of motor areas was seen in the hemisphere 
corresponding to the hand with the lowest motor score, non-dominant left hand in healthy and 
hemiparetic right hand in stroke survivors. In the healthy participants activation was seen in 
both hemispheres during observation of functional tasks performed by the left and right hand. 
Whereas the stroke participants demonstrated bilateral activation of motor areas during left 
hand observation only, while activation during right hand action observation was lateralised 
to motor areas of the left hemisphere. These results demonstrate variations in activation of the 
‘healthy’ brain versus the stroke brain. In those stroke participants where areas of the mirror 
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neuron system are lesioned, cortical activation during action observation was seen in adjacent 
intact tissues. This finding is suggestive of adaptive neuroplasticity, advocating the use of 
action observation and imitation after stroke (Garrison et al., 2013).  
 A main premise for stroke rehabilitation is to encourage neuroplasticity; with greater 
recovery associated with neural reorganisation in the lesioned hemisphere. Garrison et al. 
(2013) findings confirm that action observation is effective in the activation of the mirror 
neuron system in stroke survivors, as it is in the healthy population. Therefore, it appears that 
an observation-execution matching system coupling perception and action exists through the 
mirror neuron system that may be targeted through action observation training. 
Action Observation with Physical Practice for Upper Limb Recovery after Stroke 
 Few studies have investigated the value of action observation for upper limb 
rehabilitation in stroke with the addition of physical practice of the observed motor skills. 
The findings of these studies are not consistent across the examination of action observation 
with physical practice in acute and chronic stroke. A prevalent method used for delivering 
action observation is use of pre-recorded video footage of actions. The following studies 
exploring action observation with physical practice for rehabilitation of stroke affected 
hemiparetic arm use video footage. 
 Ertelt et al. (2007) conducted the first experiment to examine the use of action 
observation with physical practice for improving function of the hemiparetic arm and hand in 
chronic stroke. Thirteen participants with moderate functional impairments in hemiparetic 
arm and hand were recruited and randomised into the control group (n = 6) and experimental 
(n = 7) group. Outcomes were measured using fMRI to evaluate activation of motor areas 
while participants manipulated small objects, along with functional test measures. Function 
of participants’ hemiparetic arm and hand was assessed with standard test measures; the Wolf 
Motor Function Test and the Frenchay Arm Test. The Wolf Motor Function Test assesses 
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motor function of participant’s hemiparetic arm in functional tasks, with time recorded for 
task completion. The Frenchay Arm Test is a measure of proximal motor control and 
dexterity in the hemiparetic arm and hand. The experimental group underwent action 
observation training, watching video sequence containing arm and hand movements for 6 
minutes, followed by repetitive practice of the observed actions for another 6 minutes. The 
control group participants also watched a video sequence for 6 minutes. The video footage 
shown to the participants of the control group contained images of geometric shapes and 
letters. After viewing images of geometric shapes the control group performed 6 minutes of 
repetitive physical practice, performing the same arm and hand movements as the 
experimental group. In the control group, participants performed arm and hand movements 
using verbal instructions given by a therapist. Results indicated a significant increase in 
activation of the mirror neuron system in the experimental group compared to the control 
group. Significant difference in functional test measures Wolf Motor Function Test and the 
Frenchay Arm Test indicating improvement to function of hemiparetic arm and hand was 
shown for the action observation group, but not for the control group. The authors concluded 
that action observation training combined with intensive repetitive practice of observed 
actions is beneficial in chronic stroke for rehabilitation of upper limb impairment as seen with 
significant improvements to motor function. In combining use of brain imaging measures and 
functional test measures, Ertelt et al. (2007) provides neural level evidence as well as 
behavioural level evidence for action observation training and the role of mirror neurons. The 
combination of neural and behavioural level evidence, justifies the use of action observation 
for accessing the mirror neuron system in behavioural studies.  
Celnik, Webster, Glasser, and Cohen (2008) examined the use of action observation 
with concurrent physical practice of thumb movements in chronic stroke. Action observation 
with simultaneous physical practice of thumb movements was performed in two of the 
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sessions. The action observation sessions with simultaneous physical practice involved 
congruent practice in the same direction as those observed and incongruent with simultaneous 
performance of thumb movements in the opposite direction. These were compared to a 
control session of physical practice alone. Eight chronic stroke survivors were recruited and 
participated in all three intervention testing conditions separated from other sessions by at 
least seven days, in a crossover design. Transcranial Magnetic Stimulation (TMS) was used 
to evoke thumb movements for establishing baseline measure used to set training target for 
thumb movement performance. TMS uses a magnetic coil which is connected to a high-
voltage discharge system enabling magnetic field changes. The magnetic coil is placed on the 
head over the region of brain tissue that will be targeted. Changes to the magnetic field 
induces an electrical current, which in turn depolarises neural axons evoking movement 
potentials (Groppa et al., 2012). Electromyography measures of the involved muscles were 
recorded for evaluating activity of MEP during the sessions. In the physical practice alone 
session participants performed thumb movements in opposite direction to those evoked with 
TMS at baseline. In the action observation session congruent session, participants performed 
thumb movements in time with the video demonstration in the same direction as observed on 
the video. Participants also observed video demonstrations of thumb movements during the 
action observation incongruent session, again participants performed thumb movements 
simultaneously with the video but thumb movements were performed in the opposite 
direction to those observed. Results indicated an increase in the percentage of thumb 
movements performed within the training target zone for the action observation congruent 
session, but did not increase in the action observation incongruent or physical practice alone 
sessions. Significant increase in MEP activity was seen with action observation congruent but 
not in the other sessions. However, a slight change was indicated in the action observation 
incongruent session, with a decrease in MEP activity with physical practice alone. The 
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authors concluded that action observation with concurrent physical practice performed in the 
same direction as the observed action can heighted benefits to motor learning. Furthermore, 
Celnik et al. (2008) supports action observation use for improving motor recovery in chronic 
stroke. The authors concluding statements indicate that concurrent quality of physical 
practice and the action observation is highlighted in the reported benefits of action 
observation performed in the same direction. However, in all of the testing sessions physical 
practice was performed simultaneously with action observation. Celnik et al. (2008) could 
have halved their sample of participants into simultaneous physical practice and physical 
practise following observation. Future investigations comparing action observation with 
concurrent physical practice and action observation with physical practice following 
observation would be of interest.  
Lee, Roh, Park, Lee, and Han (2013) focussed on a single drinking task in 
examination of action observation with physical practice. Action observation with physical 
practice was compared to a control group and groups performing action observation and 
physical practice in isolation of each other. Thirty three right side hemiparetic chronic stroke 
survivors were recruited and randomised into one of four groups, control group (n = 7), 
action observation with physical practice experimental group (n = 9), action observation 
without physical practice experimental group (n = 8) and physical practice without action 
observation experimental group (n = 9). Outcome measure assessed a drinking task, 
evaluating the number of repetitions participants performed in one minute. The score 
achieved on outcome measure was calculated as the number of repetitions performed with 
demonstration of all components of the drinking sequence. The drinking task sequence 
involved three components, the right hand reaching towards the cup to pick it up, then 
bringing the cup to the mouth and finally returning the cup to its initial position. Action 
observation video footage showed a right hand performing the full drinking task sequence. 
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Session duration for the three experimental groups was 10 minutes. The action observation 
with physical practice experimental group watched the video footage of the drinking task for 
five minutes, viewing the action repetitively before then performing the task during five 
minutes of physical practice. The action observation without physical practice group viewed 
video footage of the drinking task continuously for the 10 minutes, during this time the group 
was required to imagine themselves performing the task. The physical practice without action 
observation group viewed no video footage and repetitively performed the drinking task as 
per verbal instruction from a therapist for 10 minutes. The control group was not shown any 
video footage nor did they practice any tasks, the only interaction from the control group was 
assessment of task performance for outcome measure. Results indicated significant 
improvements in the three experimental groups compared to the control group. The largest 
score improvement from baseline to post-test was seen in the action observation with 
physical practice group, with average number of repetitions increasing by nine from 16.1 to 
25.1. Baseline to post-test scores for action observation without physical practice and 
physical practice without action observation groups increased by five and seven repetitions, 
respectively, while a decrease in repetitions was seen in the control group. The authors 
recognised action observation with physical practice as the most effective of the techniques 
examined and its value in promoting activation of the mirror neuron system. Again, action 
observation with physical practice proved valuable in findings presented by Lee et al. (2013). 
Although, inclusion of a standard functional assessment used in stroke such as the Wolf 
Motor Function Test or the Fugl-Meyer Assessment would have been beneficial to 
complement the outcome measure generated by Lee et al. (2013). Addition of a standard 
functional assessment that is not directly related to the only task trained would have allowed 
for determination of whether improvement to hemiparetic arm would be transferred to many 
daily functional tasks or be isolated to the practiced drinking task. 
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Franceschini et al. (2012) conducted a similar study in acute stroke, with a sample of 
participants 30 days post-stroke. Also delivering action observation via video footage, 
Franceschini et al. (2012) examined the use of action observation with physical practice as an 
additional treatment to compliment standard rehabilitation of upper limb function. Standard 
rehabilitation involved physiotherapy for both the upper and lower limb, including tasks for 
arm and hand as well as gait training and individually tailored exercises. Functional tests; the 
Box and Block Test, the Fugl-Meyer Assessment (FMA) and the Frenchay Arm Test were 
used to assess hemiparetic arm motor function from baseline to post-test. The Box and Block 
Test assesses gross grasp evaluating the number of blocks a participant can transfer one at a 
time from one side of a box to the other in one minute. The FMA examines sensorimotor 
function of the hemiparetic arm and hand with assessment of reflex activity, movement 
patterns and involvement of synergy, coordination and speed (Sullivan et al., 2011). Seventy 
nine participants were recruited and randomised to either the control group (n = 39) or the 
experimental group (n = 40). The experimental group viewed video footage of goal and 
object directed daily routine tasks being performed by another individual. This video footage 
was viewed for three minutes and then the participant was given two minutes to imitate the 
movement. The control group in place of action observation training was shown video 
footage containing random images. As with the experimental group, video footage ran for 
three minutes and then the participants were given two minutes to move and perform limb 
movements guided by verbal instruction from a therapist in terms of directions and angles. 
The limb movements performed by the control group did not incorporate object 
manipulation, nor were movement goals given. Both the experimental and control groups 
completed two, fifteen minute sessions per day along with standard physical therapy, for 
twenty consecutive working days. A new task was delivered per day of the intervention, with 
tasks progressing in level of difficulty over the 20 sessions. Results demonstrated 
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improvement in all functional test measures for both the control and the experimental groups. 
Between group differences indicated significantly higher post-test score on the Box and 
Block Test in the experimental group compared to the control group. No additional benefits 
were noted when participants were followed up 4-5 months after the completion of the 
intervention. The authors advocate the use of action observation as a rehabilitation tool for 
recovery of hemiparetic arm function after stroke.  
 Action observation is not delivered solely by viewing video footage, in-person 
demonstration of actions can be observed. An example of this is study by Cowles et al. 
(2012) which examined the effectiveness of action observation as performed by a therapist 
sitting alongside participants. Action observation with intent to imitate during physical 
practice was compared to conventional physical therapy for upper limb rehabilitation in acute 
stroke. Conventional physical therapy employed included a mixture of active and passive 
assisted movement and unilateral reaching activities using the hemiparetic arm, along with 
bilateral functional activities. Twenty two stroke survivors between three to 31 days post-
stroke were randomised to either the experimental group completing action observation in 
addition to conventional physical therapy (n = 9) or the conventional physical therapy control 
group (n = 13). Function of hemiparetic arm was assessed with the Motricity Index and the 
Action Research Arm Test prior to receiving intervention. The Motricity Index assesses pinch 
grip and movement of arm in flexion and abduction of the shoulder and flexion of the elbow. 
Secondary measure Action Research Arm Test examines ability to perform activities of daily 
living with the hemiparetic arm manipulating objects of different sizes, shapes and weight. 
The experimental group were required to watch the therapist perform actions using the same 
side arm as that of the participant’s hemiparetic arm for 1 to 2 minutes prior to physical 
practice. Participants were then given 4 to 6 minutes to imitate observed actions. Physical 
practice of observed action was performed in time with the therapists continued 
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demonstration of the action, while provided verbal correction and feedback. Results showed 
significant functional improvement in both the control and the experimental group as 
indicated with Motricity Index score changes between baseline and post-test. However, 
between-group difference for both the Motricity Index and the Action Research Arm Test 
was not significant. The authors concluded that action observation with physical practice did 
not add positive value to the recovery of upper limb with conventional physical practice. 
Cowles et al. (2012) is the only study that delivered action observation with in-person 
demonstrations rather than by video footage. Consequently, consistency of the in-person 
demonstrations made by the therapist may have been affected.  
Summary 
The literature reviewed has provided evidence supporting the use of action 
observation training and the role of the mirror neuron system in motor learning. Findings of 
neuroplasticity potentials seen with lateralisation back towards the lesioned hemisphere are 
encouraging for stroke recovery (Garrison et al., 2013). As seen in the literature review, the 
number of studies demonstrating the potential of action observation in facilitating upper limb 
recovery is few. Further investigation of action observation as a rehabilitation tool for upper 
limb recovery in stroke is needed.  
Rationale for the Research 
The literature review has described the immense impact of stroke; leaving many 
stroke survivors unable to carry out daily self-care and functional tasks (Go et al., 2012; 
World Health Organisation, 2011). Government programs are focussed on stroke prevention 
neglecting stroke recovery (Australian Institute of Health and Welfare, 2012). In particular, 
the need for effective rehabilitation techniques for the upper extremity is as vital as 
rehabilitation techniques for the lower extremity. Action observation training stands out as a 
practical and cost effective technique that can be easily administered at a stroke survivor’s 
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home by the survivor independently. Therefore, as there are few studies regarding the value 
of action observation training, further research is required to investigate its value in recovery 
from stroke. 
The theoretical framework for the use of action observation is neuroplasticity, 
common-coding and the mirror neuron system (Fadiga et al., 1995; Hecht, Vogt, & Prinz, 
2001; Small et al., 2012). Through activating the mirror neuron system during observation 
similarly to that seen during action execution (linked to common-coding theory), motor 
representation may be stimulated to reactivate or reorganise (plasticity) neural connections 
(or pathways) of the motor control system (Buccino et al., 2006). The neural and behavioural 
evidence presented in the literature review support this theoretical framework, which formed 
the theoretical basis for this honours project. However, there appears to be limitations in the 
existing literature on action observation training that appear to not take full advantage of the 
predictions of the theoretical framework. For example, the delay between action observation 
and imitation is quite large, with up to 6 minutes reported in the literature (see Ertelt et al., 
2007; Lee et al., 2013). Thereafter, 6 minutes of imitation in terms of physical practice is 
provided, with no immediate priming of the motor system. In this honours project action 
observation of each functional task lasted for around 20-30 seconds and was immediately 
followed by physical practice of the observed functional task for 30 seconds. In relation to 
this, the mirror neuron system has been shown to be active from observation of an action 
until the action is executed or new movement pattern is perceived (Buccino et al., 2006). 
Hence, it was anticipated that immediate imitation will heighten motor system priming for 
physical practice.  
The low volume of repetitions is another potential limitation during rehabilitation 
tasks that needs to be considered in relation to the theoretical basis of neuroplasticity. The use 
of hundreds of movement repetitions (˃400) have been reported to be important in animal 
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models for cortical reorganisation (Lang et al., 2009). No such figures have been seen in 
stroke rehabilitation as reported by Lang et al. (2009). This honours project increased the 
number of repetitions towards those reported in animal models. During the sessions of action 
observation training in this honours project, an average of 177 movement repetitions were 
performed per session. This is a substantial increase from the average of 32 movement 
repetitions per sessions reported by Lang et al. (2009). In addition, unlike the inconsistencies 
in previous action observation studies into stroke, the volume of physical practice was kept 
constant across both the control and action observation phases in this honours project, which 
allowed the additive value of action observation over physical practice to be determined. The 
influence of motor expertise on the mirror neuron system found by Calvo-Merino et al. 
(2005) supports the use physical practice of functional motor skills that are used in everyday 
life, along with action observation for improving motor function of hemiparetic arm in stroke. 
Larger increases in MEP reported by Fadiga et al. (1995) with observation of actions 
involving an object compared to without the object suggests the importance of object 
manipulation with action observation. The action observation video images viewed during the 
experiment was shown from first person perspective, as shown to be effective in studies by 
Ertelt et al. (2007) and Franceschini et al. (2012). 
The purpose of this honours project was to examine whether action observation 
training with immediate opportunity for physical practice, improves upper limb motor skill 
function in chronic stroke survivors. The research questions that will be examined in this 
thesis are: (a) will a greater increase in improvement in functional test measure scores be seen 
following intervention phase (post-test 1→ post-test 2) compared to following the control 







The effectiveness of action observation training with immediate physical practice for 
improving function of the hemiparetic upper limb in chronic stroke was examined in a 
within-subject time series design. Fourteen stroke survivors at least 6 months post stroke 
occurrence acted as their own controls, completing a relaxation sham phase to introduce 
intensive, repetitive physical practice and establish baseline before the introduction of action 
observation training. Action observation training sessions included five motor skills to be 
viewed with intent to imitate and subsequently practiced for 30 trials each (10 sets of 3 
repetitions). Action observation training video sequence duration was kept to a minimum 
with participants viewing the motor skills for 30 seconds and then immediately practicing the 
observed motor skill. Primary outcome measures including the Fugl-Meyer Assessment 
(FMA) and the Functional Test of the Hemiparetic Upper Extremity (FTHUE) were used to 
characterize the level of motor function of the hemiparetic arm and hand. Secondary outcome 
measures included participant perception of functionality of the impaired arm using 
questionnaires and a structured interview. Improvement on functional and self-perceived 
measures over the time series was found in both the control and action observation training 
phases. Changes in primary outcome measures were greater during the action observation 
training phase. The findings of this study indicate that action observation training can be 
valuable as a rehabilitation tool for short-term functional benefits of the hemiparetic upper 
limb in chronic stroke. More robust experimental work is needed that uses a randomised 
control trial design and tests the durability of the benefit.  
Keywords: stroke, rehabilitation, hemiparesis, mirror neuron system, action 




Does Action Observation Training with Immediate Physical Practice Improve Hemiparetic 
Upper Limb Function in Chronic Stroke? 
Observation of human actions has been reported to activate similar brain regions that 
are active when these actions are overtly executed (Buccino et al., 2004; Fadiga et al., 1995). 
This network of neurons is known as the mirror neuron system (Iacoboni & Mazziotta, 2007; 
Small et al., 2012). When an action is observed, however, with the intention to imitate the 
observed action, there is maximal activation of the mirror neuron network (Caspers, Zilles, 
Laird, & Eickhoff, 2010). This neural level relationship between observation of action and 
action execution is also explained by the common-coding hypothesis at the behavioural level, 
where training perception can contribute to an action task and training action can contribute 
to a perception task (Calvo-Merino et al., 2005; Hecht et al., 2001). Accordingly, it has been 
reported that motor skills that are usually learnt with repetitive task-specific practice can be 
improved with observation of the motor skill alone (Cantarero et al., 2011; Cross et al., 
2009).  
The capability of action observation to prime the motor system through the mirror 
neuron network provides a mechanism for promoting neuroplasticity and improvement in 
motor function in stroke that would otherwise be limited to use-dependant interventions 
(Cantarero et al., 2011; Lang et al., 2009). Recovery of function after stroke facilitated by 
activation of the mirror neuron system has been attributed to reorganisation within damaged 
areas, formation of new receptive fields as well as cortical remapping and substitution with 
healthy tissues taking up functions of damaged areas (Bhasin et al., 2012; Murphy & Corbett, 
2009; Small et al., 2012). A recent fMRI study by Garrison et al. (2013) compared neural 
activation in healthy age-matched individuals and left hemisphere stroke brains of right-
handed participants during action observation. Results revealed greater activation of the 
mirror neuron network in the left lesioned hemisphere of stroke survivors during observation 
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of paretic limb (right-handed) actions, than for healthy controls. Results also showed that 
damage to regions of the mirror neuron network were compensated by activation of adjacent 
brain regions. These important findings suggest that action observation (perception) and 
motor execution (action) regions in the chronic stroke brain are linked with perception-action 
coupling maintained after trauma. Collectively, a theoretical basis exists for action 
observation training based upon the linkage between perception and action through the 
induction of neuroplasticity.     
 Evidence on the effectiveness of action observation as a tool for stroke rehabilitation 
is equivocal. Only five studies have examined the use of action observation with physical 
practice for upper limb recovery after stroke; four examining chronic stroke and one acute 
(Celnik et al., 2008; Cowles et al., 2012; Ertelt et al., 2007; Franceschini et al., 2012; Lee et 
al., 2013). These studies examined the use of action observation with physical practice 
compared to conventional physical therapy control group (Cowles et al., 2012), control group 
viewing random images and geometric shapes in place of action observation (Ertelt et al., 
2007; Franceschini et al., 2012), a control group completing no intervention (Lee et al., 2013) 
and physical practice alone (Celnik et al., 2008). Findings of these studies vary with Cowles 
et al. (2012) reporting no significant difference between action observation group and the 
conventional physical therapy control group in acute stroke, whilst the other studies report 
significant improvement in motor function after action observation with physical practice 
compared to the control.  
There are several methodological features of the foregoing action observation studies 
that need to be considered when determining the value of their interventions. First, in 
previous studies, the duration of action observation ranges from 1-2 minutes up to 6 minutes 
followed by physical practice for 2 to 6 minutes, except for Celnik et al. (2008) where 
participants practiced actions simultaneously while observing video of actions. Evidence 
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indicates, however, that once the mirror neuron system is primed through observation of an 
action it remains activated until the end of the performance sequence of the executed action 
(Buccino et al., 2006). Therefore, if the purpose of action observation is to prime the motor 
system via the mirror neuron system, then it follows that observation and opportunity for 
physical practice need to be more closely connected in time to take maximum advantage of 
the priming effect. Behavioural evidence of immediate priming of the mirror neuron system 
and the benefits to functional tasks in chronic stroke are lacking. Second, previous studies 
have not consistently included a physical practice control condition; hence, it is not possible 
to determine the additive benefit of action observation coupled with physical practice to any 
improvement in functional tasks. Third, previous studies have used functional tests with a 
smaller range of functional motor skill. Fourth, there is scarce evidence of the interplay 
between improvement in functional measures and perceived benefits to motor function in 
chronic stroke survivors from action observation training (Ertelt et al., 2007; Franceschini et 
al., 2012).    
This experiment aimed to add to the limited literature on the effectiveness of action 
observation in chronic stroke. In particular, unlike previous studies, the purpose of this 
within-subject study was to include a unique element of interleaved action observation with 
physical practice soon after observation of each single motor skill. Using recent fMRI 
evidence of mirror neuron system activation in chronic stroke (e.g., Garrison et al., 2013), as 
well as available behavioural evidence, the first hypothesis was that chronic stroke survivors 
will exhibit a greater improvement in upper limb functional measures following the action 
observation training phase compared to a practice-only control phase. The secondary 
hypothesis pertains to improvement of patient self-perceptions of perceived benefits to motor 





 A convenience sample of participants was recruited from the Australian National 
Stroke Foundation facilitated stroke support groups held in Perth suburbs (see Figure 1).  
 
Figure 1. Consort diagram presenting participant flow from sampling to data analysis. Parentheses 
indicate number of sample in each process. FMA = Fugl-Meyer Assessment, MoCA = Montreal 
Cognitive Assessment.  
Fourteen chronic stroke survivors (greater than six month stroke duration) meeting the 
inclusion criteria were enrolled into the experiment
1
. Inclusion criteria included those: (a) at 
                                                             
1 Sample size was projected based on changes in functional test scores Ertelt et al. 
(2007). G-power statistical analysis software was used to estimate sample size required. 
Using an effect size of .85, alpha .05 and power 80%, analysis indicated a sample size of at 
least 10 participants.  
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least18 years of age and with no upper limit on age, (b) not enrolled in a hospital in-patient 
rehabilitation program at time of experiment, (c) that had some movement in the paretic 
upper limb (i.e., FMA, score between 20 and 55), (d) that scored 26 out of 30 on the Montreal 
Cognitive Assessment (MoCA) and were able to communicate effectively for completion of 
testing and intervention sessions, as well as (e) able to commit to time requirements of the 
study. Exclusion criteria included not meeting the above inclusion criteria and those with 
spatial neglect, as indicated in visuospatial section of MoCA (impairment to the visual field). 
Demographic restriction was applied to ensure selected participants were located within 
60kms of Murdoch University’s South Street Campus. Table 1 provides details of participant 
demographics. The experiment was approved by Murdoch University Human Research 
Ethics Committee and registered on the Australian New Zealand Clinical Trials Registry—
ACTRN12313000937718. All participants gave written informed consent.    
Research Design 
 This experiment consisted of a within-subject time series design where participants 
were their own controls. Figure 2 demonstrates testing points and phases of the time series 
design. A pre-test was followed by phase 1 ‘relaxation sham’, identical to phase 2 in all 
aspects except video footage shown consisted of random environmental scenery prior to the 
opportunity for physical practice of selected motor skills. The purpose of phase 1 was to 
establish a baseline contribution of physical practice alone to the pre- to post-test 1 change of 
relevant test measures. Action observation training intervention was then delivered in phase 2 
followed by final test point, post-test 2. There was no break between the end of phase 1 and 
the beginning of phase 2. Action observation training included participants watching video 
footage of selected motor skills followed by physical practice of the same observed motor 
skill. The purpose of phase 2 was to determine the priming value of action observation prior 




Demographics: Participants with chronic stroke, characteristics and values at time of recruitment 



















1 63 F R CI LH PTO 16.9 39 26  ≥4 De facto HS 
2 69 F R CI LH Thalamus 2.5 49 30  ≥4 Married HS 
3 61 F R ICH LH FL 10.2 23 26  ˂4 Married HSD 
4 61 M R CI LH PL 2.7 41 29  ≥4 Married HS 
5 74 M R ICH LH Basal Ganglia 6.6 37 26  ≥4 Divorced HA 
6 78 M R ICH RH Subcortical 4.6 32 27  ˂4 Married HS 
7 76 F R CI RH PL 2.4 22 27  ˂4 Divorced HA 
8 62 F R CI LH Thalamus 2.6 36 28  ≥4 Married HS 
9 74 M R ICH LH IPL 1.8 36 26  ˂4 Married HS 
10 69 M R CI RH IPL + STG 2.4 35 27  ≥4 Married HS 
11 73 F R ICH RH Subcortical 15.6 20 29  ≥4 Married HS 
12 69 M R CI RH PTO 1.3 26 27  ≥4 Married HS 
13 73 M R CI RH PL 11.6 21 26  ≥4 Married HS 
14 62 F R CI LH PL 41.5 45 30  ˂4 Married HSD 






8L/6R  8.76 (10.80) 33 (9.29) 27.43 
(1.50) 
    
Note. FMA = Fugl-Meyer Assessment upper extremity section, MoCA = Montreal Cognitive Assessment; SD = Standard deviation, f = frequency; F= female, M = male; L = 
Left, R = Right; CI = Cerebral infarction; ICH = Intracerebral Haemorrhage; LH= Left Hemisphere, RH= Right Hemisphere; PTO = Parietal-Temporal-Occipital association area, 
FL = Frontal Lobe, PL = Parietal Lobe, IPL = Inferior Parietal Lobe, STG = Superior Temporal Gyrus. Living arrangement codes: H = living in own home; S = with spouse, A = 








a) Time series design of experiment 
 
 
b) Structure of action observation training sessions 
 
Figure 2. Timeline diagrams of a) time series design of experiment and b) structure of individual 
Action Observation training sessions. a) Pre = pre-test, P-1 = post-test 1, P-2 = post-test 2, s = session; 
progression of timeline in days as indicated by arrow. b) Average time of individual video clip is 11 
seconds; this is shown 3 times consecutively followed by physical practice of the motor skill for 3 
attempts. This process of observation and immediate physical practice is repeated 10 times. Tasks two 
to five are as per task one, but have been compressed. Session time varied between one hour and 90 
minutes with influence of individual participant level of function and motor skill complexity. 
Procedure 
The duration of the study was five weeks, consisting of three testing points (baseline, 
Post 1, Post 2) and six training sessions (3x/week for two weeks) in each of the two phases. 
Fugl-Meyer Assessment (FMA), Functional Test of the Hemiparetic Upper Extremity 
(FHTUE) and the Confidence in Arm and Hand Movement Scale (CAHM) measures were 
collected at each of the test points. In addition to these measures the Motor Activity Log 
(MAL) and a structured interview were conducted at each post-test. Following baseline, 
training sessions were delivered on alternate days, then post-test 1 (phase 1), followed by 
action observation training with physical practice, then post-test 2 (phase 2). Testing and 
training phases were delivered by the same single assessor, an Accredited Exercise 
Physiologist (qualified allied health professional). Training sessions were conducted in 
participants’ homes at the same table used in testing, standard height of 28 inches from 
ground to table top. The table was set up in available open area in living or dining room, all 
possible distractions were removed and sources of noise eliminated. Participants were seated 
Test points Pre P-1 P-2
Phase
Session s1 s2 s3 s4 s5 s6 s1 s2 s3 s4 s5 s6
Days 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Control 'relaxation sham' Phase Action Observation Training Phase
Motor skill
Action observation 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x
Physical Practice 3x 3x 3x 3x 3x 3x 3x 3x 3x 3x
Time
Task One Task Two Task Three Task Four Task Five
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at the table with 15.5 inch laptop computer screen for viewing video footage positioned 18 
inches in front of them. Training sessions lasted between an hour and 90 minutes depending 
on task difficulty and participant capability, with five motor skill tasks practiced each session. 
The main feature of the video footage specific to either phase 1 or 2 was the interleaved 
quality with environmental scenery or action observation (see Figure 3 for still image 
examples of each) followed soon after by physical practice of the motor skill.  
        
a) Action observation still image            b)   Environmental still image 







Motor skills delivered in each phase were selected from one of two lists (list A or B) 
designed to be equivalent on all levels. The selection of motor skill lists for participants was 
counterbalanced, with half of the participants completing list A in phase 1, then list B in 
phase 2 and the other half completing list B in phase 1 and then list A in phase 2. Sessions 
were structured to provide 10 opportunities to attempt three repetitions of each of the five 
motor skills. This session structure allowed for an increased volume of practice, with higher 
volumes of practice associated with neuroplasticity (Lang et al., 2009). The average number 
of repetitions of physical practice participants completed per session was equal for the control 
Figure 3. Still image of action observation footage is seen in image a) demonstrating 
view point of motor skills shown to right side hemiparetic participants. In this motor 
skill the participant uses their hemiparetic arm to stabilise and maintain position of 
ribbon spindle against torque created by their unaffected hand pulling ribbon from the 
spool. Still image of environmental footage shown during relaxation sham (phase 1) 
b). A variety of environmental scenes including natural and man-made water sources, 
flora, broad landscapes and clouds were shown during relaxation sham.  
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and action observation phases (177 +/- 24 SD), ranging between 147 and 300 for the 14 
participants.  
Phase 1: Relaxation sham plus physical practice. Participants watched 
approximately 30 seconds of video footage of environmental scenery before physical practice 
of motor skills selected by Exercise Physiologist delivering interventions (see Figure 2). 
Participants were informed that the intention of the environmental footage was to relax them 
prior to physical practice. These instructions were given in an attempt to ensure the 
participants engaged with the sequences of watching random video images prior to physical 
practice. Verbal instruction and cues that were established for each motor skill were given 
pertaining to the goal of motor skill, movement direction and sequence to guide participants 
during physical practice.  
Phase 2: Action observation plus physical practice. Participants watched video 
clips of a healthy individual performing motor skills (e.g., stirring a cup). Video clips were 
filmed from over an actor’s shoulder for point of view of a person looking down at their own 
arm (see Figure 3). Video clips were shown to participants as either the left or right hand 
depending on participant’s hemiparetic side. Video clips of the same motor skill were shown 
three times consecutively in place of the 30 seconds of environmental footage shown in phase 
1 (see Figure 2). Participants were asked to watch the video footage with the knowledge that 
they will then attempt to mimic the same motor skill task after watching. In cases where the 
participant had difficulty performing the task, a series of strategies were suggested such as 
trying the motor skill with the unaffected side or breaking the task down into parts and using 
a part-practice approach involving isolation of components (e.g., if unable to grasp draw 





 The assessor evaluated all outcome measures for each participant. Motor function was 
assessed with primary outcome measures FMA and the FTHUE. Secondary outcome 
measures CAHM scale and the MAL, as well as a structured interview gauged participants’ 
perception of their motor function.  
 Fugl-Meyer Assessment (FMA). The FMA is a stroke specific measure of 
sensorimotor function (Fugl-Meyer, Jaasko, Leyman, Olsson, & Steglind, 1975; Sullivan et 
al., 2011). The upper extremity section of the FMA scores motor function between 0 and 66 
with assessment of reflex activity, movement patterns and involvement of synergy, 
coordination and speed. FMA items are graded between 0-2, level of motor function 
corresponds to score achieved with higher scores indicating more function. The assessor was 
trained in use of the FMA by a physiotherapist. Training in FMA use involved assessment of 
stroke and multiple sclerosis patients not participating in the study over four sessions, within 
a two week period. Inter-rater reliability was determined with comparison of a tested 
participants FMA scores for test 1 and test 2 (separated by six weeks) pre and post their 
participation as rated by the assessor to that of the physiotherapist, with 100% agreement. 
Spot checks of participants FMA scores throughout the study saw inter-rater agreement 
maintained at 100%. 
Functional Test of the Hemiparetic Upper Extremity (FTHUE). The FTHUE 
measures motor function with examination of ability to achieve functional tasks with the 
hemiparetic upper extremity (Wilson, Baker, & Craddock, 1984; Winstein et al., 2004). 
Seventeen functional tasks are used across 7 levels increasing in difficulty with higher levels. 
Starting at level 1 with no voluntary movement of shoulder, elbow or hand, levels increase 
with minimum motion requirements. Minimal motion requirement is voluntary motion of 
shoulder and elbow, gradual improvement to mass flexion patterns at these joints are seen 
across levels with addition of gross grasp, elbow extension and lateral pinch. Movements 
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combining flexion and extension patterns are then expected with increases in strength and 
weight of grasps and some ability to release objects. In final levels isolated control in 
shoulder, elbow and wrist against gravity, with full extension of these joints and in fingers 
needs to be demonstrated in tasks combined with good coordination and control. With 
exception of the first task, time to task completion is recorded for each of the seventeen tasks 
with a maximum of three minutes allowed for each or three attempts, whichever is first. The 
performance of each functional task is graded plus or minus with completion. To be graded 
plus the hemiparetic hand must assist functionally and not interfere in reaching the task goal. 
Level is awarded as the highest level in which all tasks within the level are achieved as 
graded as a plus.  
Video footage was captured during FTHUE assessment using a standard video camera 
perpendicular to the participant’s hemiparetic side. Captured video footage allowed for 
multiple observations of the collected FTHUE data for determining inter- and intra- rater 
reliability. A second rater viewed collected video footage and recorded time to task 
completion, graded completed tasks and level achieved for each participant. Inter-rater 
reliability of tasks and level achieved showed 100% agreement, time averages for the FTHUE 
was determined using Inter Class Correlation (ICC) model 2 according to Portney and 
Watkins (2009). All test time points exhibited excellent inter-rater reliability, pre-test; ICC= 
0.998, post-1; ICC= 0.973 and post-test 2; ICC= 0.991. The experiment’s single assessor 
(first rater) viewed collected FTHUE video footage of and performed a second evaluation. 
Intra-rater reliability of time averages for the FTHUE was determined using Inter Class 
Correlation model 3 according to Portney and Watkins (2009). Intra-rater reliability of tasks 
and level achieved indicated100% agreement, all test time points exhibited excellent intra-
rater reliability of FTHUE time averages, pre-test; ICC= 0.943, post-test1; ICC= 0.987 and 
post-test 2; ICC= 0.981. 
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Confidence in Arm and Hand Movement (CAHM) scale. The CAHM scale is a 
self-efficacy questionnaire in which participants give a rating out of 100 percent indicating 
confidence in ability to use their hemiparetic arm and hand for tasks listed (Chen, 
Lewthwaite, Schweighofer, & Winstein, 2013). A rating of 100 percent indicates that the 
participant is very certain they can use their hemiparetic arm and hand for the task if 
attempted, with 0 percent on the other end of the scale as very uncertain they could do the 
task and reluctance to attempt the task. The CAHM questionnaire delivered in this study is 
adapted from the original 20 item CAHM, employing the 0-100 confidence scale based upon 
the functional tasks of the FTHUE.  
Motor Activity Log (MAL). The MAL uses a rating scale to gauge participant’s 
reflections on the use of their hemiparetic arm for functional activities at home (Uswatte, 
Taub, Morris, Light, & Thompson, 2006). Participants are asked to recall use of their 
hemiparetic arm in 28 items of functional activities around the home over the previous two 
days. In those items that the hemiparetic arm was used, participants indicate a ‘how well’ 
rating between 0 and 5 of how well the activity was performed. A rating of 0 indicates that 
the hemiparetic arm was not used at all for that activity and 5 indicates the ability to use the 
hemiparetic arm for that activity was as good as before the stroke.  
Structured interview question. Based upon an open-ended question “how do you 
feel about the value of the training completed over the last two weeks for improving the 
function of your affected arm?” interviews were structured with selection of follow up 
questions depending on participant’s response (Madill, 2011). At the completion of the study 
participants were also asked whether they had preferred or found either the environmental 




 To determine the relative contribution of the sham-relaxation control and action-
observation intervention phases to the relevant primary and secondary outcome measures, 
repeated measures statistical analyses were conducted. FMA and FTHUE (level and number 
of tasks achieved) are ordinal scale data and therefore, were analysed using Friedman’s 
ANOVA comparing across testing points, with post-hoc Wilcoxon signed ranks test and 
Bonferroni adjustment. FTHUE task time average ratio scale data and CAHM interval scale 
data were checked for normality of skewness and kurtosis between ±1.96 (Field, 2009). 
Repeated measures ANOVA with post-hoc Bonferroni test was used on these measures 
comparing across testing points. Greenhouse-Geisser correction was applied where the 
assumption of sphericity was not met. CAHM data was also analysed at the item level 
(distribution not normal) using Friedman’s ANOVA comparing across testing points to 
determine items that contributed to CAHM score changes. Ordinal scale MAL average rating 
and number of items rated were compared across post-test 1 and post-test 2 using Wilcoxon 
signed ranks test. Alpha level for all statistical tests was set at .05 and for relevant post-hoc 
comparisons a Bonferroni correction was applied that adjusted the alpha to 0.025. Qualitative 
data from structured interviews was analysed using thematic analysis, coding data and 
enabling themes to emerge (Braun & Clarke, 2006).  
Results 
Primary Outcome Measures 
Individual participant test scores and group descriptive statistics are reported in Table 
2. Friedman’s ANOVA indicated a significant difference in FMA scores across time series 
testing points, χ²(2) = 28.000, p < 0.001. Post-hoc Wilcoxon signed-rank tests revealed a 
significant difference between pre-test to post-test 1, ⱬ = -3.316, p = 0.001, with a score 
increase of 6.64 points, as well as a significant difference between post-test 1 to post-test 2, ⱬ 




Individual participant scores and group values for all outcome measures across time series testing points 
 FMA  FTHUE  CAHM  MAL 
     Level achieved  No. of tasks achieved  Time average (s)    QOM  No. items rated 
Participant  Pre- Post-1 Post- 2 
 
Pre- Post-1 Post-2  Pre- Post-1 Post-2  Pre- Post-1 Post-2  Pre- Post-1 Post-2  Post-1 Post-2  Post-1 Post-2 
1 39 50 66 
 
6 6 6  15 15 16  15.34 15.24 14.05  46.25    46.88    89.69   3.71 3.88  24 25 
2 49 52 66 
 
6 6 7  16 16 17  16.52 16.20 12.58  65.00        74.38  92.50     4.15 4.65  27 27 
3 23 30 41 
 
3 3 3  6 7 9  31.64 26.53 32.13  18.75    33.44    44.69     1.75 2.93  4 7 
4 41 44 56 
 
5 5 7  15 16 17  20.50 17.77 14.56  62.50    83.13  87.19   2.75 3.19  14 18 
5 37 40 54 
 
4 4 6  13 14 15  32.97 24.01 21.37  20.88    73.44  81.88     2.70 3.29  5 7 
6 32 39 51 
 
3 5 5  11 12 13  33.52 35.09 32.74  74.38    69.29  81.88   2.93 3.24  15 21 
7 20 23 27 
 
2 3 3  5 5 7  19.07 16.06 31.88  19.50       33.81    40.38     1.50 2.25  2 4 
8 36 42 50 
 
2 6 7  12 16 17  19.04 15.04 10.97  55.31  57.50    73.44   1.91 2.39  16 23 
9 36 57 63 
 
6 6 7  16 16 17  25.99 22.40 14.76  71.88    84.38  100.00    3.31 4.22  21 27 
10 35 39 53 
 
4 4 6  10 12 15  30.43 22.55 26.95  59.67  60.94  80.94     3.07 3.50  7 12 
11 20 27 39 
 
3 3 3  7 8 11  30.42 52.15 59.54  15.63    41.25    55.63     1.33 2.50  3 10 
12 26 35 45 
 
3 2 3  5 7 8  25.63 44.06 48.48  25.63    35.94    35.50        1.93 2.40  6 10 
13 21 27 32 
 
3 3 3  6 6 8  33.32 36.81 49.73  18.75    24.38    26.25     1.67 2.50  3 4 
14  45 48 59 
 
5 5 6  12 13 15  18.16 24.15 22.19  57.19    71.25    77.81     2.96 3.20  13 23 
Mean 32.86 39.50 50.14 
 
3.93 4.36 5.14  10.64 11.64 13.21  26.38 26.29 28.00  43.66    56.43    69.13   2.55 3.15  11.43 15.57 
Range 20-49 23-57 27-66 
 
















 2-27 4-27 
Note. FMA = Fugl-Meyer Assessment upper extremity section (maximum score achievable = 66); FTHUE = Functional Test of the Hemiparetic Upper Extremity; (highest level achievable = 7, maximum tasks achievable 
= 17, time average = average of time taken over 17 FTHUE tasks (maximum time allowed to complete each task = 180 seconds); CAHM = Confidence in arm and hand movement scale; MAL = Motor Activity Log QOM 










Friedman’s ANOVA indicated a significant difference in FTHUE scores across the 
time series testing points for level achieved and number of tasks achieved, χ²(2) = 14.387, p = 
0.001, and, χ²(2) = 26.235, p < 0.001, respectively. Post-hoc Wilcoxon signed-rank tests 
indicated no significant difference in level achieved between baseline to post-test 1, ⱬ = -
1.289, p = 0.197, despite a score increase of 0.43 points. However, there was a significant 
increase in level achieved from post-test 1 to post-test 2, ⱬ = -2.598, p = 0.009, with a 0.79 
point increase. Post-hoc analysis also indicated a significant difference in number of tasks 
achieved between baseline to post-test 1, ⱬ = -2.754, p = 0.006, with a 1 point score increase, 
as well as a significant difference between post-test 1 to post-test 2, ⱬ = -3.376, p = 0.001, 
with a 1.57 point increase.  
Repeated measures ANOVA with Greenhouse-Geisser correction revealed that 
FTHUE average time scores across time series testing points was not significantly different, 

















Figure 4. Accuracy of outcome measure denoted by error bars; 
representing standard error values. FMA = Fugl-Meyer Assessment, score 




Secondary Outcome Measures 
Repeated measures ANOVA indicated that mean CAHM scores differed significantly 
across time series testing points, F(2,26) = 25.72, p < 0.001. Post-hoc Bonferroni test 
indicated a significant difference between baseline to post-test 1 (p = 0.015) and post-test 1 to 
post-test 2 (p = 0.002). Mean differences of increases in CAHM score between pre-test to 
post-test 1 was 12.76 points and 12.70 points between post-test 1 and post-test 2. Friedman’s 
ANOVA at the individual item level indicated significant differences across baseline to post-
test 1 to post-test 2 (ps = 0.00-0.047) for 12 of the 16 items (those relating to levels 3-6 of the 
FTHUE), indicating their contribution to CAHM score improvements.  
Wilcoxon signed-rank test showed a significant difference in MAL scores between 
testing points post-test 1 and post-test 2, ⱬ = -3.296, p = 0.001, with score change of 0.60 
points from 2.55 to 3.15. 
Thematic analysis of structured interviews conducted during post-test 1 and post-test 
2 demonstrated positive value comments such as feedback on improvements in function of 
their hemiparetic upper extremity and training aspects participants thought contributed to 
functional improvements (see Table 3 for more specific details). Whether the environmental 
or action observation footage was valuable, one participant felt as though they did not find a 
difference between the videos, whilst 13 participants reported watching video demonstrations 
of tasks (action observation) as more beneficial; one of which noted that they preferred 
watching the environmental footage although they found the action observation videos more 
beneficial, “I can strongly say that I improved by watching the action on the screen, 
immediately after it”. Other statements in favour of action observation video use included 
“better when I can see what I have to do first” and “it’s a good thing, because you see the 





Themes drawn from participant responses to structured interviews conducted post-test 1 and post-test 2  
Category Thematic category Key terms  Representative responses 
  Post-test 1 Post-test 2  Post-test 1 Post-test 2 
Value Positive Excellent, good, rewarding, 
worthwhile, interesting (14) 
Excellent, very good, beneficial, 
fabulous, thrilling, impressive, 
enjoyable, helpful (14) 
 
 “yeah extremely good I 
think” 
 





“yeah I thought it was very 
good, I was quite 
impressed” 
       
Feedback Physiological Functional improvement: 
↑ use of affected arm (7) 
↑ Range of motion (2) 
control of hand (2) 
improved release (1) 
↑ strength and stamina (1) 
Functional improvement: 
Movement is more automatic (4) 
↑ use of affected arm (14) 
Faster movement (1) 
↑ endurance/ stamina (1) 
↑ Range of motion (1) 
Ability to grip (1) 
 




“Found that I can do a bit 
more” 
 
“Making a difference” 
“I can pick things up, where 
I couldn’t before” 
 
“More automatic, yeah it’s 
a lot better” 
 
“I can lift my arm above my 
head” 
 Psychological Increase to awareness and 
concentration (3) 
Increased determination, 
perseverance, willingness, feelings 
of hopefulness (4) 
 
 “it’s making me more aware 
of my left side” 
“more willing to try it with 
less hesitation” 
       




Variety and type of tasks (3) 
Inclusion of goal outcome (1) 
Discipline/ routine (1) 
Environmental video (1) 
Action observation videos (10) 
Repetition (7) 
Variety and type of tasks (4) 
Challenge (4) 
Routine (1) 
Goal achievement (1) 
Rest between physical practice (1) 
 
 “the repetition is absolutely 
necessary and as you 
repeat a few you actually 
notice it gets a bit easier” 
“better when I can see what 
I have to do first” 
 
“I found it good when it was 
clearly laid out on the 
video”  
 
“the videos were very 
demonstrative”  
 
 Trainer role Encouragement (4) Patience, encouragement (5)  “the encouragement 
particularly that I have 
received” 
 
“your patience and umm 
perseverance” 
Note. Interviews were structured around open-ended question: “How do you feel about the value of the training completed over the last two weeks for improving the function  of your affected arm?” Numbers in 






This study advances our understanding of how action observation may benefit upper 
extremity recovery after stroke. It highlights the unique design in which action observation 
training was juxtaposed with physical practice soon after observation of each single motor 
skill. This was done in an attempt to provide more optimal activation of the mirror neuron 
system to prime the motor system for recovery (Buccino et al., 2006; Caspers et al., 2010). 
The results support the first hypothesis showing greater improvements found in the action 
observation training phase compared to the relaxation-sham control phase for functional 
measures and some perceived benefit measures. 
Significant improvement in FMA scores was found in both the action observation and 
the control phase, however, improvements to FMA scores were greater in the action 
observation training phase. Improvement in FMA scores is consistent with earlier studies of 
action observation training when considered pre-post change scores (Franceschini et al., 
2012). The action observation training phase also showed significant improvements in 
FTHUE level achieved, with a non-significant improvement on this measure for the sham 
control phase. There is no evidence in the literature of improvement in the level achieved on 
the FTHUE. However, Filiatrault, Arsenault, Dutil, and Bourbonnais (1991), found a strong 
positive correlation between the FMA and the FTHUE providing some external validity for 
the FMA and corresponding FTHUE improvements reported in this study. In addition, here, 
number of tasks achieved for the FTHUE improved significantly for both the control and 
action observation training phases, with greater improvements in the latter phase. Winstein et 
al. (2004) used the FTHUE number of tasks achieved when comparing standard stroke care 
and two upper extremity rehabilitation programs for stroke and found on average greater 
improvements in the experimental groups compared to the standard care group, but these 
were not significant. FTHUE time average changes showed no significant improvements 
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across control or action observation training phases. This could have been a product of time 
improvements in tasks participants can already achieve being hidden in calculation of time 
average as participants moved onto harder, more time consuming tasks of higher levels in 
subsequent testing sessions. Collectively, more immediate priming of the motor system 
appears to have yielded a combination of functional improvements in the intervention phase 
of this within-subject study.   
Together with functional improvement measures, significant improvement was found 
in participant’s perception of functional capability (self-efficacy) and actual use of the paretic 
arm. Significant improvement in CAHM scores across both control and action observation 
training phases indicates that confidence in use of the paretic arm continued to improve, but 
was not differentially influenced by action observation or control phases as it was for the 
functional measures. The CAHM has not been employed for assessing self-efficacy in stroke 
survivors undergoing action observation training. However Chen et al. (2013), reported a 
moderate positive relationship between the CAHM score and FMA score, implying that as 
function improves confidence in paretic arm use continues to improve, which is likely what 
occurred in this study. Importantly, a significant difference in MAL score after the action 
observation phase compared to the conclusion of the control phase, indicates that participants 
increased use of hemiparetic arm and hand in activities around their home. Specifically, the 
MAL average for the group increased from 2.55 to 3.15 following action observation 
training. A rating of 3 is a marker of where the affected arm was used for the activity without 
assistance from the unaffected arm and is an important indicator of clinical improvement (see  
(Wolf et al., 2010).  
Structured interviews demonstrated participant favour of the action observation 
training phase over the relaxation sham control phase for improving function of the affected 
arm and hand. Participants found the action observation training videos beneficial and four 
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participants reported the first instances of their movements becoming automatic since stroke 
occurrence. This theme can be linked with functional improvement on FTHUE with action 
observation training contributing to achievement of high levels combining flexion and 
extension patterns as well as requiring increase in control of movements. Structured 
interviews acquiring views on hemiparetic arm recovery from stroke survivors is limited. For 
example, Sabini, Dijkers, and Raghavan (2013) used thematic analysis with upper limb stroke 
survivors and reported the theme of repetitive practice, which is consistent with reports in this 
study, although this study reports the additional theme of the value of action observation 
training. 
 A crucial aspect that the within-subject time series design in this study revealed was 
the additive value of action observation training phase to functional measures, over the 
practice only phase. This has important clinical significance, indicating that whilst use-
dependent rehabilitation certainly is beneficial to improving function of the hemiparetic hand 
and arm, the implementation of action observation coupled with physical practice can yield 
additional benefits to improvement in hemiparetic arm function. Therefore, it appears that 
from a behavioural level, action observation contributes to motor re-learning in upper limb 
stroke survivors, which is consistent with greater activation of the mirror neuron network in 
the impaired hemisphere of the stroke brain (Garrison et al., 2013). 
In conclusion, this study offers further favourable evidence on the effectiveness of 
action observation with physical practice as a rehabilitation tool for improvement in funct ion 
of the upper limb and perceptions associated with these improvements in chronic stroke. 
Furthermore, the use of a within-subject design has revealed the additive value of action 
observation over and above that of task-specific practice. There appears to be potential for 
further investigation of the value of action observation to improve motor function after stroke 
that may then have clinical application in hospitals or rehabilitation clinics. Future research 
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requires a larger scale randomised control trial and follow-up retention test to determine the 
durability of the results and the value of action observation with physical practice as an 



























The purpose of the research in this thesis was to advance understanding of action 
observation training and how it could benefit recovery of the hemiparetic arm and hand after 
stroke. The duration of time between action observation and the opportunity for physical 
practice was considerably reduced in comparison to what was done in previous studies (e.g., 
Ertelt et al., 2007). This was aimed at optimising the motor system priming via the mirror 
neuron system (Caspers et al., 2010). In advancing our understating of action observation 
training for upper limb recovery in stroke, this honours thesis examined two research 
question: (i) effectiveness of action observation training with immediate physical practice for 
improving upper limb function in chronic stroke (ii) participant-perceived benefits to motor 
function with action observation training compared to actual functional changes. By 
addressing the foregoing research questions, this thesis has extended understanding of action 
observation in chronic stroke in three ways: (i) revealed differences to improvement seen 
with action observation training compared to relaxation-sham control, (ii) revealed benefits of 
immediate priming of the motor system to functional improvements, (iii) provided insight to 
self-efficacy and participants perception on the function of their hemiparetic arm and hand.  
 The experiment in this thesis provides two main conclusions. First, evidence from this 
experiment has indicated action observation with physical practice as an effective 
rehabilitation tool for improving function of the upper limb in chronic stroke. The study in 
this thesis was the first based upon the reviewed literature to use a within-subject design. As 
such, change from control phase to action observation phase specifically highlights the 
additive value of action observation above that of task-specific practice. The matching of 
physical practice in the control group to that of the intervention group has not been 
consistently applied in the previous literature (e.g., cite example study); hence, it is difficult 
47 
 
to clearly determine from the previous literature the additive value of action observation 
training to improvement in function. This advances theoretical understanding of action 
observation training based upon behavioural and neural studies, by providing behavioural 
evidence that more immediate attempt to activate the mirror neuron system coupled with 
immediate physical practice facilitates greater improvements to functional motor skills in 
chronic upper limb stroke.   
Second, participant-perceived improvements to function are associated with actual 
functional improvement. That is, as function of the hemiparetic hand and arm improved so 
did confidence in use of the impaired arm. This indicates that there are concomitant 
psychological benefits to physical practice alone or additive action observation interventions 
that attempt to improve function of the impaired arm in stroke. It appears that not only is the 
mode of intervention important for rehabilitation of the impaired arm, but that the perceived 
positive psychological benefit it facilitates contributes to functional improvements. 
Theoretically, this indicates that perceived benefit of the intervention is important for 
rehabilitation of the impaired arm. Perceived benefit may have motivated the participants to 
persist and concentrate on relevant phases of the experiment.     
 Although the use of a within-subject design proved beneficial in some regards (i.e., 
indicating additive value of action observation and control over individual differences) 
limitations are presented in controlling carryover effects. Future experimental examination 
using a randomised control trial design is needed. In this particular design, a placebo-control 
group may be more useful in isolating whether perception of benefits or action observation 
per se, or if both contribute to functional improvement in the impaired arm. Additionally, a 
follow-up retention test is needed to evaluate the durability of functional improvement and 
benefits gained. These future research initiatives are mere starting points, with numerous 
possibilities for examining the use of action observation as a stroke rehabilitation tool. An 
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example of a future direction includes investigation of action observation and physical 
practice volumes to optimise neuroplasticity and functional improvement and retention of 
functional improvement(s). As future research is conducted progress can be made to provide 
a clearly defined clinical dose for action observation so that it can be made widely accessible 

























American Psychology Association. (2010). Publication manual of the american 
psychological association (6th Edition ed.). Washington, DC: American Psychology 
Association. 
Australian Bureau of Statistics. (2012). Profiles of disability, australia: Stroke. (Cat. no. 
4429.0). Australian Bureau of Statistics Retrieved from www.abs.gov.au/ausstats. 
Australian Institute of Health and Welfare. (2012). Stroke and its mangement in australia. 
(Cat. no CVD 61). Australian Institute of Health and Welfare Retrieved from 
http://www.aihw.gov.au/publication-detail/?id=60129543613. 
Bhasin, A., Padma Srivastava, M. V., Kumaran, S. S., Bhatia, R., & Mohanty, S. (2012). 
Neural interface of mirror therapy in chronic stroke patients: A functional magnetic 
resonance imaging study. Neurology India, 60, 570-576. doi: 10.4103/0028-
3886.105188 
Boake, C., Noser, E., Ro, T., Baraniuk, S., Gaber, M., Johnson, R., . . . Levin, H. S. (2007). 
Constraint-induced movement therapy during early stroke rehabilitation. 
Neurorehabilitation and Neural Repair, 21(1), 14-25. doi: 
10.1177/1545968306291858 
Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research 
in Psychology, 3(2), 77-101.  
Buccino, G., Binkofski, F., Fink, G., Fadiga, L., Fogassi, L., Gallese, V., . . . Freund, H. 
(2001). Action observation activates premotor and parietal areas in a somatotopic 
manner: An fmri study. Eur J Neurosci, 13, 400 - 404.  
Buccino, G., Binkofski, F., & Riggio, L. (2004). The mirror neuron system and action 
recognition. Brain Lang, 89(2), 370 - 376. doi: 10.1016/S0093-934X(03)00356-0 
50 
 
Buccino, G., Solodkin, A., & Small, S. L. (2006). Functions of the mirror neuron system: 
Implications for neurorehabilitation. Cognitive Behavioural Neurology 19, 55–63.  
Calvo-Merino, B., Glaser, D. E., Grezes, J., Passingham, R. E., & Haggard, P. (2005). Action 
observation and acquired motor skills: An fmri study with expert dancers. Cerebral 
Cortex, 15(8), 1243-1249. doi: 10.1093/cercor/bhi007 
Cantarero, G., Galea, J. M., Ajagbe, L., Salas, R., Willis, J., & Celnik, P. (2011). Disrupting 
the ventral premotor cortex interferes with the contribution of action observation to 
use-dependent plasticity. Journal of Cognitive Neuroscience, 23(12), 3757-3766.  
Caspers, S., Zilles, K., Laird, A. R., & Eickhoff, S. B. (2010). Ale meta-analysis of action 
observation and imitation in the human brain. Neuroimage, 50, 1148 - 1167.  
Celnik, P., Webster, B., Glasser, D. M., & Cohen, L. G. (2008). Effects of action observation 
on physical training after stroke. Stroke, 39, 1814-1820. doi: 
10.1161/STROKEAHA.107.508184 
Chabner, D.-E. (2007). The language of medicine (J. Nicol & S. Walker Eds. ANZ edition 
ed.). Marrickville, NSW: Elsevier. 
Chen, S., Lewthwaite, R., Schweighofer, N., & Winstein, C. J. (2013). Discriminant validity 
of a new measure of self-efficacy for reaching movements after stroke-induced 
hemiparesis. Journal of Hand Therapy, 26, 116-123. doi: 10.1016/j.jht.2012.09.002 
Cowles, T., Clark, A., Mares, K., Peryer, G., Stuck, R., & Pomeroy, V. (2012). Observation-
to-imitate plus practice could add little to physical therapy benefits within 31 days of 
stroke: Translational randomized controlled trial. Neurorehabilitation and Neural 
Repair, 27(2), 173-182. doi: 10.1177/1545968312452470 
Cross, E., Kraemer, D., Hamilton, A., Kelley, W., & Grafton, S. (2009). Sensitivity of the 
action observation network to physical and observational learning. Cereb Cortex, 19, 
315 - 326.  
51 
 
Donoso Brown, E. V., McCoy, S. W., Fechko, A. S., Price, R., Gilbertson, T., & Moritz, C. 
T. Preliminary investigation of an electromyography-controlled video game as a home 
program for persons in the chronic phase of stroke recovery. Arch Phys Med Rehabil. 
doi: 10.1016/j.apmr.2014.02.025 
Dromerick, A. W., Lang, C. E., Birkenmeier, R., Hahn, M. G., Sahrmann, S. A., & Edwards, 
D. F. (2006). Relationships between upper-limb functional limitation and self-
reported disability 3 months after stroke. Journal of Rehabilitation Research and 
Development, 43(3), 401-408. doi: 10.1682/JJRD.2005.04.0075 
Ertelt, D., Small, S., Solodkin, A., Dettmers, C., McNamara, A., Binkofski, F., & Buccino, G. 
(2007). Action observation has a positive impact on rehabilitation of motor deficits 
after stroke. Neuroimage, 36, T134-T173. doi: 10.1016/j.neuroimage.2007.03.043 
Fadiga, L., Fogassi, L., Pavesi, G., & Rizzolatti, G. (1995). Motor facilitation during action 
observation: A magnetic stimulation study. J Neurophysiol, 73(6), 2608-2611.  
Field, A. P. (2009). Discovering statistics using spss: And sex and drugs and rock 'n' roll (3rd 
ed.). London: SAGE. 
Filiatrault, J., Arsenault, A. B., Dutil, E., & Bourbonnais, D. (1991). Motor function and 
activites of daily living assessments: A study of three tests for persons with 
hemiplegia. The American Journal of Occupational Therapy, 45(9), 806-810.  
Franceschini, M., Ceravolo, M. G., Agosti, M., Cavallini, P., Bonassi, S., Dall'Armi, V., . . . 
Sale, P. (2012). Clinical relevance of action observation in upper-limb stroke 
rehabilitation: A possible role in recovery of functional dexterity. A randomized 




Fugl-Meyer, A. R., Jaasko, L., Leyman, I., Olsson, S., & Steglind, S. (1975). The post-stroke 
hemiplegic patient: A method for evaluation of physical performance. Scandinavian 
Journal of Rehabiliation Medicine, 7, 13-31.  
Garrison, K., Aziz-Zadeh, L., Wong, S., Liew, S., & Winstein, C. (2013). Modulating the 
motor system by action observation after stroke. Stroke, 44(8), 2247 - 2253.  
Garrison, K., Winstein, C., & Aziz-Zadeh, L. (2010). The mirror neuron system: A neural 
substrate for methods in stroke rehabilitation. Neurorehabil Neural Repair, 24(5), 404 
- 412.  
Go, A. S., Mozaffarian, D., Roger, V. L., Benjamin, E. J., Berry, J. D., Borden, W. B., . . . 
Turner, M. B. (2012). Heart disease and stroke statistics-2013 update: A report from 
the american heart association. Circulation, 127, e6-e245. doi: 
10.1161/CIR.0b013e31828124ad 
Groppa, S., Oliviero, A., Eisen, A., Quartarone, A., Cohen, L. G., Mall, V., . . . Siebner, H. R. 
(2012). A practical guide to diagnostic transcranial magnetic stimulation: Report of an 
ifcn committee. Clinical neurophysiology : official journal of the International 
Federation of Clinical Neurophysiology, 123(5), 858-882.  
Han, C., Wang, Q., Meng, P.-p., & Qi, M.-z. (2013). Effects of intensity of arm training on 
hemiplegic upper extremity motor recovery in stroke patients: A randomized 
controlled trial. Clinical Rehabilitation, 27(1), 75-81. doi: 
http://dx.doi.org/10.1177/0269215512447223 
Hecht, H., Vogt, S., & Prinz, W. (2001). Motor learning enhances perceptual judgment: A 
case for action-perception transfer. Psychological Research, 65, 3-14.  
Iacoboni, M., & Mazziotta, J. (2007). Mirror neuron system: Basic findings and clinical 
applications. Neurological Progress, 62, 213-218. doi: 10.1002/ana.21198 
53 
 
Lang, C. E., Macdonald, J. R., Reisman, D. S., Boyd, L., Jacobson Kimberley, T., Schindler-
Ivens, S. M., . . . Scheets, P. L. (2009). Observation of amounts of movement practice 
provided during stroke rehabilitation. Archives of Physical Medicine Rehabilitation, 
90(10), 1692-1698. doi: 10.1016/j.apmr.2009.04.005 
Langhorne, P., Coupar, F., & Pollock, A. (2009). Motor recovery after stroke: A systematic 
review. The Lancet Neurology, 8(8), 741-754.  
Lee, D., Roh, H., Park, J., Lee, S., & Han, S. (2013). Drinking behavior training for stroke 
patients using action observation and practice of upper limb function. Journal of 
Physical Therapy Science, 25, 611-614.  
Lindley, R. I. (2008). Stroke. New York: Oxford University Press. 
Lo, A. C., Guarino, P. D., Richards, L. G., Haselkorn, J. K., Wittenberg, G. F., Federman, D. 
G., . . . Peduzzi, P. (2010). Robot-assisted therapy for long-term upper-limb 
impairment after stroke. The New England Journal of Medicine, 362(19), 1772-1783. 
doi: 10.1056/NEJMoa0911341 
Madill, A. (2011). Interaction in the semi-structured interview: A comparative analysis of the 
use of and response to indirect complaints. Qualitative Research in Psychology, 8(4), 
333-353. doi: 10.1080/14780880903521633 
McCrea, P., & Eng, J. (2005). Consequences of increased neuromotor noise for reaching 
movements in persons with stroke. Experimental Brain Research, 162(1), 70-77. doi: 
10.1007/s00221-004-2106-8 
Murphy, T. H., & Corbett, D. (2009). Plasticity during stroke recovery: From synapse to 
behaviour. Nature Reviews Neuroscience, 10(12), 861-872. doi: 10.1038/nrn2735 





Portney, L. G., & Watkins, M. P. (2009). Statistical measures of reliability Foundations of 
clinical research: Applications to practice (3rd ed., pp. 599-616). Upper Saddle 
River, N.J.: Pearson Prentice Hall. 
Prinz, W. (1997). Perception and action planning. European Journal of Cognitive 
Psychology, 9(2), 129-154.  
Pulman, J., & Buckley, E. (2013). Assessing the efficacy of different upper limb hemiparesis 
interventions on improving health-related quality of life in stroke patients: A 
systematic review. Topics in Stroke Rehabilitation, 20, 171+.  
Rizzolatti, G., Scandolora, C., Matelli, M., & Gentilucci, M. (1981). Afferent properties of 
periarcuate neurons in macaque monkey. Behavioural Brain Research, 2, 125-146.  
Sabini, R. C., Dijkers, M. P. J. M., & Raghavan, P. (2013). Stroke survivors talk while doing: 
Development of a therapeutic framework for continued rehabilitation of hand function 
post stroke in patients' own environment. Journal of Hand Therapy, 26(2), 124-131. 
doi: 10.1016/j.jht.2012.08.002 
Sale, P., Mazzoleni, S., Lombardi, V., Galafate, D., Massimiani, M. P., Posteraro, F., . . . 
Franceschini, M. (2014). Recovery of hand function with robot-assisted therapy in 
acute stroke patients: A randomized-controlled trial. International Journal of 
Rehabilitation Research, 00.  
Schweighofer, N., Han, C. E., Wolf, S. L., Arbib, M. A., & Winstein, C. J. (2009). A 
functional threshold for long-term use of hand and arm function can be determined: 
Predictions from a compulational model and supporting data from constraint-induced 
therapy evaluation (excite) trial. Physical Therapy, 89(12), 1327-1336.  
Small, S. L., Buccino, G., & Solodkin, A. (2012). The mirror neuron system and treatment of 
stroke. Dev Psychobiol, 54(3), 293 - 310.  
55 
 
Sullivan, K. J., Tilson, J. K., Cen, S. Y., Rose, D. K., Hershberg, J., Correa, A., . . . Duncan, 
P. W. (2011). Fugl-meyer assessment of sensorimotor function after stroke: 
Standardized training procedure for clinical practice and clinical trials. Stroke, 42(2), 
427-432. doi: 10.1161/strokeaha.110.592766 
The National Stroke Foundation. (2013). Stroke facts. from www.strokefoundation.com.au 
Uswatte, G., Taub, E., Morris, D., Light, K., & Thompson, P. (2006). The motor activity log-
28 assessing daily use of the hemiparetic arm after stroke. Neurology, 67(7), 1189-
1194. doi: 10.1212/01.wnl.0000238164.90657.c2 
Wilson, D. J., Baker, L. L., & Craddock, J. A. (1984). Functional test for the hemiparetic 
upper extremity. American Journal of Occupational Therapy, 38(3), 159-164.  
Winstein, C. J., Rose, D. K., Tan, S. M., Lewthwaite, R., Chui, H. C., & Azen, S. P. (2004). 
A randomized controlled comparison of upper-extremity rehabilitation strategies in 
acute stroke: A pilot study of immediate and long-term outcomes. Arch Phys Med 
Rehabil, 85(4), 620-628. doi: 10.1016/j.apmr.2003.06.027 
Wojner-Alexander, A., Garami, Z., Chernyshev, O., & Alexandrov, A. (2005). Heads down: 
Flat positioning improves blood flow velocity in acute ischemic stroke. Neurology, 
64(8), 1354 - 1357.  
Wolf, S. L., Thompson, P. A., Winstein, C. J., Miller, J. P., Blanton, S. R., Nichols-Larsen, 
D. S., . . . Sawaki, L. (2010). The excite stroke trial: Comparing early and delayed 
constraint-induced movement therapy. Stroke, 41(10), 2309-2315. doi: 
10.1161/strokeaha.110.588723 
World Health Organisation. (2011). Global atlas on cardiovascular disease prevention and 




Zentgraf, K., Stark, R., Reiser, M., Künzell, S., Schienle, A., Kirsch, P., . . . Munzert, J. 
(2005). Differential activation of pre-sma and sma proper during action observation: 
Effects of instructions. Neuroimage, 26(3), 662-672. doi: 
http://dx.doi.org/10.1016/j.neuroimage.2005.02.015 
 
 
 
 
 
 
 
 
